Introduction
Acinetobacter baumannii is one of the most significant bacteria causing nosocomial infections. 1 Two characteristics have been implicated in the importance of A. baumannii as a human pathogen: first, its ability to survive on animate and unanimate surfaces for long periods with the risk of a prolonged endemic 2 and second, its resistance to multiple antibiotics, including carbapenems, which complicates treatment. 3, 4 Although infections are typically acquired in intensive care units (ICUs), they are also becoming increasingly common in non-ICU wards and long-term care facilities. The differential characteristics between infections acquired in ICU or non-ICU wards have not been clearly delineated. 5 Owing to characteristics of the patients from whom A. baumannii is isolated, it is often difficult to differentiate colonization from infection. Thus, up to half of the cases in which A. baumannii is isolated represent colonization. [5] [6] [7] Moreover, up to 36% of bacteremias in which A. baumannii is isolated are polymicrobial (with additional isolation of other microbes, such as coagulase-negative Staphylococcus, Enterococcus spp. or Pseudomonas spp.), suggesting that some of the isolates are contaminants from skin or the environment. Thus, it is important to clinically differentiate between infection and pseudoinfection. 8, 9 This situation needs to be considered to avoid diagnostic errors and unnecessary antibiotic therapy.
Risk factors for the acquisition of A. baumannii include previous use of antibiotics, major surgery, severe burns, immune depression, and invasive procedures. 10 Clinical manifestations related to A. baumannii infection include septic shock, mechanical ventilation-associated pneumonia, tracheobronchitis, bacteremia, surgery-associated infection, skin and soft tissue infection, and urinary tract infection. 11 The present work describes our experience with an outbreak of A. baumannii during an endemic period (defined by a significant increase in patients colonized/infected by this pathogen). The analysis of this was performed to detect those characteristics that were specifically associated with infection (with a careful analysis to differentiate from colonization), describe the clinical manifestations of those patients in whom the infection was detected in ICU or non-ICU wards, and determine the prognosis-associated factors in patients from whom A. baumannii was isolated.
Patients and methods
Patients older than 14 years from whom A. baumannii was isolated from any clinical sample, hospitalized in a university hospital (732 beds), during an endemic period (2009) (2010) (2011) were included. Active surveillance samples (such as samples performed to detect colonization for the purpose of infection control) were not considered. The microbiological characteristics of this outbreak have been published previously. 12 The population size was 124 patients.
Definitions
Infection by A. baumannii was defined when, aside from the isolation of the bacteria as the unique microbe in a clinical sample, clinical signs or abnormalities in the complementary studies supported the diagnosis of infection and no other clinical focus could justify the clinical manifestations, according to the criteria defined by the Centers for Disease Control and Prevention (CDC) 13 If these criteria were not fulfilled, the case was considered colonization. In addition, colonization was considered when both clinical and analytical parameters of infection improved after an empiric treatment to which the isolate of A. baumannii was resistant.
In those patients from whom A. baumannii was recovered in several evolutive moments, the possibility of infection or colonization was considered in each of these moments. If it was considered colonization in all of them, the case was included only the first time, analyzing the parameters associated with the first positive culture. If one isolate corresponded to infection, the case was considered infection and the variables associated in that moment were analyzed.
Sterile samples, including blood and pleural, cerebrospinal, or ascitic fluid, were accepted. Non-sterile samples had to fulfill the standard criteria for quality, and quantitative cultures were used.
A primary bacteremia was diagnosed if A. baumannii grew in blood cultures in a patient with fever >38°C in the absence of other clinical foci. If there was a defined clinical focus, the bacteremia was considered as secondary. More than 15 colonies (semiquantitative method) were required in the intravascular catheter tip to consider a catheter-associated bloodstream infection. For the diagnosis of pneumonia or tracheobronchitis, only cultures of tracheal aspiration with >10 6 colony forming units (cfu)/mL or cultures of bronchial aspirate or bronchoalveolar lavage with a growth of ≥10 4 cfu/mL were accepted. Sputum was accepted in cases without orotracheal intubation or tracheostomy if the culture was pure and the sample was representative of lower airways (absence of epithelial cells and ≥25 polymorphonuclear neutrophils/microscopic field).
The diagnosis of pneumonia required systemic signs (temperature >38°C and/or leukocytosis >12000/mm 3 or leukopenia <4000/mm 3 ) and radiologic (a new lung infiltrate or consolidation in chest X-ray or computed tomography [CT] ) and pulmonary criteria, including at least two of the following: 1) an increase in respiratory secretions or purulent secretions; 2) the appearance or increase in dyspnea, cough, or tachypnea; 3) rhonchi or crepitations at lung auscultation; or 4) a decrease in the hemoglobin saturation of oxygen or an increase in the requirement for oxygen or mechanical ventilation. If all abovementioned characteristics were fulfilled with the exception of lung infiltrate, the diagnosis of tracheobronchitis was made. 
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Acinetobacter baumannii colonization and infection A urinary infection was diagnosed if in the urine culture, ≥10 5 cfu/mL from spontaneous micturition or ≥10 3 cfu/mL from urinary catheter were obtained and the patient had urinary infection symptoms (dysuria, suprapubic pain).
The diagnosis of skin and soft tissue or surgical infections was made in patients using local inflammatory data (±systemic signs of infection) and a positive culture obtained by biopsy.
Study schedule
After the culture from human samples, only those samples in which A. baumannii was isolated as the unique microbe were selected. When A. baumannii was recovered from two or more sources in the same patient, only one isolate obtained was considered for analysis and the patient was included only once (in cases where susceptibility results were different, isolation with the highest level of resistance was included). After the isolation of A. baumannii, the following variables were obtained from the patient's chart: age, sex, hospitalization ward (classified as ICUs or non-ICU wards), previous stay at the ICU, acquisition of A. baumannii as community, and health care related (including patients living in elderly residences or long-stay care facilities such as health care facilities) or nosocomial (according to conventional CDC definitions). 13, 14 Risk factors for the infection were classified as intrinsic ( 17 in those admitted to the ICU. Lengths of hospital stay before and after isolation of A. baumannii and clinical and therapeutic data were obtained.
Inflammatory response was classified as sepsis, severe sepsis, and septic shock. 18 Medical treatments were those chosen by physicians in charge of the patients. Only directed antibiotic therapy (after known data about susceptibility of the isolate) was considered.
All patients were followed for 30 days after isolation of the A. baumannii or until death.
Microbiological studies
All isolates, presumptively identified as Acinetobacter species using conventional phenotypic and/or biochemical methods, were definitively identified using matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF) analyses (Microflex LT; Bruker Daltonik GmbH, Leipzig, Germany). Only patients whose isolates were definitively identified as A. baumannii were included. Microdilution susceptibility testing was performed, according to the recommendations of the Clinical and Laboratory Standards Institute. 19 For sulbactam, tigecycline, and rifampin, isolates with a minimum inhibitory concentration ≤8, 1, and 4 mg/L, respectively, were considered as susceptible. 20 The isolates of A. baumannii were classified based on their resistance to antibiotics, according to International Consensus. 21 The classifications were as follows: 1) multidrug resistant, where resistance to antibiotics in three or more classes was observed; 2) extensively resistant, where resistance to at least one agent in all but two or fewer antibiotic classes, was observed; and 3) pandrug resistant, where resistance to all possible antibiotics was observed.
Outcome of the infection
Mortality was analyzed after 30 days of isolation of A. baumannii. Death was judged to be related to A. baumannii infection when persistent signs or symptoms of infection were present at the time of death and/or when death occurred within 1 week of initiation of antibiotic therapy without any other clear explanation. 22 Three authors (AM-A, FG-S, FG-C) analyzed the clinical charts of the patients to attribute deaths to A. baumannii infections or to other concomitant processes.
Statistical analysis
Descriptive data were expressed as the mean ± standard deviation or as an absolute number (percentage). Qualitative variables were compared by the chi-square test or Fisher's exact test when necessary. Quantitative variables were compared using the Mann-Whitney U test or analysis of variance (ANOVA) when necessary. The Pearson's correlation test analyzed the association between quantitative variables. 
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To analyze the differences between colonization and infection, factors with significant differences in the bivariate analysis were included in a logistic regression model. Variables with a univariate p value of <0.1 were included and selected using a stepwise backward procedure.
To analyze the factors influencing mortality at 30 days after the isolation of A. baumannii (dependent variable), the following independent variables were considered: age, sex, infection vs colonization, hospital ward, McCabe classification, Charlson index, APACHE II score, and severe sepsis/ septic shock. Cumulated incidence of death was evaluated from the Kaplan-Meier curves. The association between this variable and the abovementioned independent factors was analyzed by the log-rank test. The multivariate analysis of survival was performed using Cox regression.
A p value of <0.05 was considered as statistically significant. The statistical analysis was carried out using the SPSS, version 18.0, statistical software package (SPSS Inc., Chicago, IL, USA).
Ethical aspects
This study was performed according to the Declaration of Helsinki. The project was approved by the local ethical research committee of the Hospital Puerta del Mar, Cádiz. The need to obtain informed consent was waived due to the observational nature of the study, and patient data accessed were de-identified.
Results
During the period of study, 124 patients presented with colonization or infection by A. baumannii. Two of them were excluded because they were transferred to another hospital at 8 and 10 days, respectively, from isolation of A. baumannii ( Figure 1) . Thus, the population of study was composed of 122 patients (age, 61±17 years; male sex, 83 [68%] individuals).
The incidence density rate of colonization/infection was 0.71 cases/1000 patient-days. A total of 59 (48%) cases presented to the ICU (incidence density rate, 8.22 cases/1000 patient-days), while 63 cases presented to non-ICU wards (incidence density rate, 0.38 cases/1000 patient-days).
Colonization/infection was considered as nosocomial in 119 (97.5%) cases and health care facilities associated in the other three (2.5%) cases. In all, 37 (30%) patients had not ever been admitted to an ICU.
Antibiotic susceptibility testing demonstrated that more than 90% of A. baumannii isolates were susceptible to colistin, minocycline, and tigecycline. In contrast, only 15-20% of the isolates were susceptible to cefepime, carbapenems, or ampicillin/sulbactam.
Differences between colonized and infected patients
In all, 73 (60%) out of 122 patients were considered colonized, whereas infection by A. baumannii was diagnosed in 
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Acinetobacter baumannii colonization and infection 49 (40%) individuals. The differential characteristics between both groups are shown in Table 1 . Parameters independently associated with the presence of infection were assessed by linear regression analysis. A non-fatal McCabe index (when compared to conjoined ultimately and rapidly fatal), days of hospitalization previous to isolation of A. baumannii, and present ICU admission were associated with the diagnosis of infection (Table 1) .
Differentiation between colonization/ infection by A. baumannii in ICU and non-ICU wards
Because one of the independent factors associated with infection was the stay at ICU and 52% of the cases (n=63) were diagnosed in non-ICU wards, a differential analysis of factors associated with infection in both hospitalization wards was made. 
Characteristics of patients infected by A. baumannii
The more frequent clinical picture was respiratory infections (tracheobronchitis, 16 [33%] cases; pneumonia, 27 [55%] cases). Primary bacteremia was detected in three (6%) patients and osteoarticular, surgery-derived intra-abdominal or soft tissue infection in one (2%) case each. The frequency in which patients presented with sepsis or severe sepsis/septic shock was 76% (n=37) and 14% (n=12), respectively.
Differences in the acquisition of infection in ICU or non-ICU wards are shown in Table 2 . Patients admitted to the ICU showed a lower frequency of chronic underlying diseases. Non-fatal McCabe class and a lower Charlson index were also more frequent in patients admitted to the ICU. Moreover, ICU patients showed pneumonia as the main respiratory infection, whereas those hospitalized in non-ICU wards predominantly showed tracheobronchitis. A similar mortality at 30 days was observed in both groups of patients. 
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Directed therapy was derived from antibiotic sensitivity. The most frequently used agents were colistin, tigecycline, and meropenem. Monotherapy was used in 21 (43%) patients, of whom 33% presented with severe sepsis/septic shock. Combination therapies were administered in 28 patients, 18% of whom had severe sepsis/septic shock.
Mortality and differences in the function of the presence of infection or colonization
Mortality at 30 days was 24% (n=29). Crude mortality at 30 days was 22% (n=16) among colonized patients and 27% (n=13) among infected patients (p=0.665). However, a near significant reduction in time to death was observed among infected individuals compared to colonized patients (6±11 days vs 8±7 days, p=0.051). The attributable mortality to infection by A. baumannii was considered in nine out of 29 (31%) patients.
With the objective of assessing these factors associated with survival, a bivariant analysis was performed. A lower age, the absence of chronic underlying conditions, a McCabe classification as non-fatal, a lower Charlson index, and an APACHE II score were significantly associated with survival. (Table 3) . Kaplan-Meier curves for the survival of patients based on the McCabe classification and the presence of infection or colonization are shown in Figure 2 .
When analyzing only patients infected by A. baumannii (n=49), survival was more frequent in younger individuals lacking chronic underlying conditions and who had a nonfatal McCabe class, lower Charlson index and APACHE II scores. The absence of severe sepsis/septic shock also approached significance. The presence of each external risk factor (data not shown), infection site (respiratory infection vs others), the pattern of resistance to antibiotics, or the use of combination antibiotic therapy was similar in survivors and non-survivors (Table 4) .
Discussion
This work analyzed the differential characteristics of infection vs colonization by A. baumannii. In particular, clinical or microbiological data were analyzed, depending on whether the infection occurred in patients admitted to ICU or non-ICU wards. The parameters associated with mortality were also assessed. To interpret the data obtained, it is necessary to remark that this study proceeded from an endemic outbreak in a unique university hospital.
A remarkable aspect in the appearance of infections by multidrug resistant microbes, such as A. baumannii, is the inadequate use of antibiotics; thus, it is a priority to avoid their use in situations in which they are not indicated, including colonization. 23 In this study, a high proportion of patients (60%) was colonized by A. baumannii. This high proportion was due to the endemic outbreak. Both prospective and retrospective [24] [25] [26] studies have observed that the probability of colonization by A. baumannii increases as the incidence density rate increases. In our series, the incidence density rate both in ICU (8.22 cases/1000 patient-days) and non-ICU hospitalizations (0.83 cases/1000 patient-days) was high, even higher than in a recent Spanish multicenter study. 5 Differential characteristics between infected and colonized patients have been previously assessed. However, the heterogeneity of cohorts, variability of studied parameters, and/or the scarce number of patients have limited the conclusions. A recently published prospective study of patients hospitalized in the ICU revealed that the main factors associated with infection by multidrug-resistant microbes were the use of carbapenems in the previous 6 months and the duration of hospitalization in the ICU. 27 Our study included a larger number of patients and extended the analysis to patients hospitalized in wards other than the ICU.
In the 90 days prior to admission to ICU and non-ICU wards, the extended use of antibiotics (>90% of patients were treated with them), including carbapenems (they had been administered in 40% of patients), was observed. There was no significant difference in the pattern of resistance to antibiotics among colonized and infected patients and this was probably due to the endemic, which this outbreak was described as. 7 In the multivariate analysis, the admission to the ICU was one of the factors associated with infection. The risk of infection increased by 2% per day of hospital stay. The presence of chronic underlying conditions, classified as non-fatal according to the McCabe classification, was also associated with a higher probability of infection.
In those patients in whom the diagnosis was made in non-ICU wards, it was also evident that the previous admission to the ICU favored the presence of infection, as did the occurrence of a previous tracheostomy (in fact, the unique factor independently associated with infection in the multivariate analysis), supporting that the ICU admission and 
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Martín-Aspas et al invasive procedures were factors clearly implicated in the risk of infection. A remarkable finding was the length of hospital stay in colonized individuals. The length of stay was significantly lower than that of infected patients, suggesting that colonization preceded the infection, although this issue has not been specifically addressed in this article. Another remarkable feature was the lower Charlson index in infected patients, including those admitted to non-ICU wards. These data suggested that the number of invasive procedures was lower in patients with a poor baseline status and a poor prognosis, thus reducing the risk of invasion.
Consistent with previous studies, 5, 28, 29 the clinical picture of infection was predominantly respiratory. However, there were differences between ICU and non-ICU patients. In non-ICU areas, tracheobronchitis was the more frequent, whereas in ICUs, pneumonia predominated. In non-ICU wards, sampling of patients with tracheostomy after minimal signs of infection was common, allowing a diagnosis of respiratory 
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Acinetobacter baumannii colonization and infection although controversial data have been published in studies with high mortalities in cases of pneumonia. 33, 34 Mortality in our study was 24%, lower than that communicated by the majority of authors 35, 36 and similar to two multicenter Spanish studies. 5, 37 Differences in mortality were dependent on the clinical characteristics of the patients, the hospitalization sites (ICU or non-ICU), and the presence of other co-pathogens (in up to 44% of patients). However, in our study, even the ICU admission failed to influence the mortality rate (22% vs 35% in patients hospitalized in ICU vs non-ICU wards, respectively).
One of the objectives of the study was the analysis of the influence of colonization vs infection on the mortality of patients in whom A. baumannii was isolated. A revision of case-control studies has observed that mortality oscillates from 34 to 50% in colonized patients and 31 to 58% in infected patients. 36 The heterogeneity of the samples was considered a factor that compromised obtaining statistical differences between colonized and infected cases. In our study, the mortality of colonized individuals (22%) was similar to that of infected patients (26%); however, the time to death was nearly significantly lower in infected patients. After Cox regression analyses, the two parameters independently associated with mortality were the presence of a rapidly or ultimately fatal disease, according to the classification of McCabe, and the presence of infection. Non-survivors had a chronic underlying condition classified as ultimately or rapidly fatal, according to the McCabe classification, more frequently than survivors (72% vs 33%) and a higher Charlson index (3.62 vs 1.87). There was no significant difference in the frequency of the extrinsic risk factors (ie, central venous catheter or mechanical ventilation) or in the antibiotic resistance pattern. In infected patients, the presence of respiratory infections, a factor associated in other studies to mortality, 38, 39 did not influence survival. In our study, nine out of 29 (31%) deaths were directly attributable to infection, according to the evaluation performed independently by the three authors. Other studies revealed that the mortality attributable to infection by A. baumannii represented 8-43% of the total. 22, 36, 40 However, even in infected patients, our results, demonstrating that the presence of a chronic disease influences their mortality, emphasized the importance of the underlying state of the patient (measured either by McCabe classification or Charlson index). The presence of severe sepsis or septic shock was a factor approaching statistical significance in our study. Notably, this factor has also been indicated as an independent factor of mortality in other studies. infection and directed treatment before the development of lung infiltrate. 30 In each case, recent publications from ICUs concluded that severity and treatment are similar in tracheobronchitis and pneumonia. 31, 32 Moreover, prognosis in some studies, as could be detected in ours, is also similar, 31, 32 Infection and Drug Resistance 2018:11 submit your manuscript | www.dovepress.com
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Resistance to carbapenems has been associated with increased mortality. It is difficult to attribute an independent influence to this factor, because it was generally associated with a more severe disease and inadequate empiric treatment. 35 In our study, 80% of A. baumannii isolates were resistant to carbapenems. Consequently, this factor was ruled out in the analysis of mortality.
One of the strengths of this work was the fact that it included only those cases in which A. baumannii was the only recovered microbe. Other studies included the presence of polymicrobial infections, even in >60% of the cases, 22, 37 limiting the ability to discriminate A. baumannii as a colonizer vs the infectious agent when mortality occurred.
As limitations of the study, errors in the diagnosis of colonization or infection would have occurred. However, the majority of cases of infection were respiratory, with clearly established criteria to define infection, and in contrast, a great percentage of samples in the group of colonization cases were from urine or the surgical wound, without data of focal infection or systemic repercussion in each of the patients evaluated. A second limitation could be attributable to the empirical treatment, which was not included as a factor for survival. Although this factor could influence the mortality at 7 or 14 days, we believe that this is not a factor for mortality after 30 days.
Conclusion
Parameters with the ability to differentiate patients colonized or infected with A. baumannii in an endemic situation were admission to the ICU, the presence of non-fatal McCabe class diseases, and the number of days of hospitalization. The predominant clinical picture of infection was respiratory, tracheostomy-favored tracheobronchitis in non-ICU hospitalization, and pneumonia in ICU patients. Mortality was independently influenced by the chronic underlying basal state and the presence of infection by A. baumannii.
